This paper first introduces the catalytic electrochemical biosensors, analyses their basic principle as well as the types and so on, and from the angle of experiment, this paper discusses the research and application of paperbased glucose electrochemical biosensors. Two application experiments, namely, the experiment of disposable capillary sampling biamperometry glucose biosensor and biamperometry analysis method on paper-based glucose biosensor according to the injecting process are conducted, and through the analysis and discussion of the experimental results, the final conclusions are reached.
INTRODUCTION
The test of the samples is the main step to determine the various natures. The test has high requirements of scientific and technicality as well as the efficiency. The test realized by biosensors can achieve the purpose of effectively improving the efficiency of the samples, and it has high accuracy, and the requirements for test cost is low, and therefore, the detection technology has been applied to various fields of the food and environmental monitoring at present, supporting the development of various fields greatly.
CATALYTIC ELECTROCHEMICAL BIOSENSORS

The Principle of Biosensors
Commonly used sensors include physical sensors and chemical sensors. Physical sensors include acoustic sensors, force sensors and thermal sensors, and chemical sensors are mainly biosensors, and they are specifically listed in Table 1 (Ahmadalinezhad, Wu and Chen, 2011) . It can be seen from Table 1 that the biosensor is a kind of chemical sensors, and its function implementation is essentially different from physical sensor, and it is also different from the principles of other chemical sensors. Generally speaking, its principle is as follows: biosensor is a kind apparatus that fixes the receptor which has the identification function of biological molecules on the transducer to realize the analysis and identification of biological molecules, and it mainly includes different components such as receptor and transducer (Florescu, Barsan and Pauliukaite, 2007) . Receptor refers to a kind of component that could feel biological analysis in the biosensors. Different organisms have different molecular characteristics, and they are different in terms of enzyme, binding proteins or antibodies. The receptor can realize the effective recognition of the above indicators, and thus can help to complete the test of the samples better. Transducer is an apparatus that manifests the information detected by the receptor in the form of signals embodies and displays it, enabling the relevant personnel to realize the current state of the samples of a device. In the process of playing the function of biosensor, it plays an important role. Catalytic electrochemical biosensor is an important type among biosensors, and it is also a main sensor type currently used in every field (Li, Xu and Zheng, 2014) .
REAGENT AND INSTRUMENT PREPARATION
Main Reagents:
Main reagents are shown in Table 2 
Main Instruments:
Main instruments are shown in Table 3 . 
The Preparation of Molecular Imprinting-Quantum Dot (MIPs-CdTe QDs)
CdTe QDs is obtained through Cd2+ reduction by sodium borohydride under the condition of thioglycolic acid. First, make tellurium sodium hydride with the sodium borohydride and tellurium powder under the ratio of 2:1, and the molar ratio of Cd2+, Te2-and mercaptoacetic acid is 1:0.5:0.25; then adjust the solution pH to 11 with 1 M sodium hydroxide solution, remove the residual oxygen in the system with nitrogen, and next, heat it to 65 ℃ for 2-hour reaction, and CdTe QDs with red fluorescence can be obtained.
The preparation process of MIPs-CdTe QD is as follows: dissolve 0.4199 g cis fenvalerate in 150 mL of toluene solution, add 0.5686 g acrylamide as functional monomers and 50 mg AIBN as initiator under the condition of stirring, and 1.88 mL EGDMA is next added as cross-linking agent. Next, the prepared 20 mL CdTe QDs is added into the above solution, stirred until being homogenous. Vacuum deaerating is then conducted, and after 24 hours of reaction under 70 ℃, put prepared MIPs-CdTe QDs in ethanol formic acid solution to clear off cis fenvalerate by filtering and centrifuging, and finally MIPs-CdTe QDs are obtained.
The Preparation of Photoinduced Electric Molecular Imprinting Sensor
The photoinduced microfluidic chips (μPADs) used in this experiment is prepared by the previous method. The μPADs includes two parts with the same area; an auxiliary chip is used for printing reference electrode and counter electrode, another is used to determine the chip for printing working electrode. 
The Types of Catalytic Electrochemical Biosensors
There are many types of catalytic electrochemical biosensors. The enzyme in the biological samples to be detected must realize the electron transfer to the electrode so as to realize the detection process. However, in view of the characteristics of most oxidoreductases, the above-said process cannot be completed smoothly. The adoption of the catalytic electrochemical biosensors can make the above-said process realized quickly, and this has high application value in improving the sample testing efficiency. In general, from the perspectives of different electronic media, the electronic media of catalytic electrochemical biosensors mainly include three types: natural oxygen, artificial media and enzyme itself (Papa, Gaillard and Gonzalez, 2014) .
The first reaction is as follows: Enzyme: GODox + glucose → gluconolactone + GODred GODred + O 2 → GODox + H 2 O 2 Electrode: H 2 O 2 → O 2 + 2H + +2e Sensors of this type can achieve the purpose of testing samples, but it has big application defects, mainly reflected in aspects like as no firm insurances of sensitivity. At the same time, in the process of reaction, oxygen is needed as a medium, while the concentration of natural oxygen varies, and this will affect the results of the reaction as well as the test of the samples.
The second reaction is as follows: Enzyme: GODox + glucose → gluconolactone + GODred Modification: GODred + Mox → GODox + Mred Electrode：Mred → Mox + ne Sensors of this type effectively solve the problems that exist in the former type sensor, which greatly reduces the effect caused by the concentration of natural oxygen on the test results, but this type of sensors have defects, too, that is, it is lead to the emergence of pollution more easily.
The third reaction is as follows: Enzyme: GODox + glucose → gluconolactone + GODred Electrode: GODred → GODox + ne Considering the defects and advantages in the two types of sensors, the third type of sensors are generated on the basis of them. Sensors of the third type completely solve the natural oxygen concentration and pollution problems, connect redox enzyme activity center to the electrode, support glucose sensors, and the sample testing effect is good.
The Application of Catalytic Electrochemical Biosensors 3.6.1. The Application of Catalytic Electrochemical Biosensors in Clinic Tests
Catalytic electrochemical biosensors can be applied to clinical test like blood test, and the concrete details can be seen in Table 4 (Sun, Miao and Yan, 2013) . 
The Application of Paper-Based Glucose Electrochemical Biosensors
The application of paper-based glucose electrochemical biosensors can be seen in As can be seen from Table 5 , paper-based glucose electrochemical biosensor detection can be used in the detection processes of glucose, dopamine, sulfur dioxide, organic phosphate and nerve agent. And glucose oxidase can be detected in glucose, polyphenol oxidase in dopamine, sulphite oxidase in sulfur dioxide, organophosphorus hydrolase in organic phosphate and cholinesterase in nerve agent respectively.
APPLICATION OF PAPER-BASED GLUCOSE ELECTROCHEMICAL BIOSENSORS
Disposable Capillary Sampling Biamperometry Glucose Biosensor
Disposable capillary sampling biamperometry glucose biosensor is designed, which uses carbon ink paperbased electrode as transducer to realize the inspection of samples, and the samples are mainly the glucose in the human serum.
Experimental Preparation and Process
Pharmaceuticals: (1 Paper-based electrode: epoxy substrate is adopted to make paper-based electrode. Disposable capillary sampling biamperometry glucose biosensor: get electrode plate, prepare the mixed liquids of electronic media, and apply the liquids on the paper-based electrode, dry it, and then put it in the refrigerator. After drying, stick the electrode with the electrode plate, put it in the refrigerator and the production is completed. The structure of the completed paper-based electrode biosensor is shown in Figure 2 : 
Measuring Method
The measurement is based on the principle of biamperometry glucose biosensor (Fig. 3) . The samples are presented in the form of solution and the end of the biosensor is taken to carry on the inspection. After a certain period of time, the electrical current is recorded (generally for 60 seconds). 
The already-made biological sensor is used to measure. Insert it into electrochemical flow cell, connect its end, exert electric current and working voltage (usually the + 200 mV). When the voltage becomes stable, glucose standard solvent is injected. In the process of measuring, the numerical obtained are recorded at any time, and on the basis of guaranteeing the accuracy of the numerical, the measurement will be better completed. The specific flow chart is shown in Figure 5 
THE EXPERIMENTAL RESULTS AND DISCUSSION
After the above two experiments were completed, process the data recorded in the experiments, and then analyze the processing results, and finally the corresponding conclusions were reached, which proved the influence of the electronic media and the working voltage on sensor's response to problems, and the specific results are as follows:
The Experimental Results and Discussion on Disposable Capillary Sampling Biamperometry Glucose Biosensor
The following results are obtained through the experiment of disposable capillary sampling biamperometry glucose biosensor:
The choice of the Electronic Media
Electronic media is the main material used in this experiment, and the way to choose the media determines the adaptation of the electronic media to the experiment; at the same time, it also determines the completion results of the whole experiment (Xu, Luo and Du, 2004) . Generally, electronic media mainly affect the aspect of voltage. During the experiment, the electronic media will react with enzyme, and a series of related materials can be produced in the process of reaction. And the above-said related materials are the key to judge the results of samples testing. If the rationality of electronic media choice itself is insufficient, the effect of the reaction will be affected, eventually leading to the results that samples are not accurate enough. In the experiment of disposable capillary sampling biamperometry glucose biosensor, K 3 [Fe (CN) 6 ] is adopted as the main electronic media. According to the nature of the redox polymers, the adoption of this kind of material as electronic media can play a key supporting role in the electronic transfer efficiency. Therefore, to complete the corresponding experiment on the basis of this will make the sample detection process smoother with not only a high sensitivity, but also achieving the goal of improving the accuracy of test results. It can be seen through the cyclic voltammograms figure (Fig.6 ) of the paper-based electrode in solution that relative to using the above materials as the electronic media, the reaction sensitivity of [Os (bpy) 2 (PVP) 10 Cl] Cl is higher. [Os (bpy) 2 (PVP) 10 Cl] Cl is adopted in this experiment as the main electronic media, which can prove the correctness of the choice. 
The Concentration of the Electronic Media
The concentration of the electronic media will affect electrode response. After the experiment, it can be found after observing the results that the higher the concentration of the electronic media is, the better the oxidation reaction is, so the electrode is also relatively reasonable accordingly. But it is important to note that when the concentration of the electronic media is over a certain index, it is easy to produce other series of unnecessary reactions, and therefore, to control the concentration of control within a certain range is necessary. Through the observation of the results, it is found that when the concentration of the electronic media is within 2 to 6 mg mL -1 , the response of the electrode is the best. On the basis of the above situations, with the further increase of the concentration, the electrode response tends to be stable, but when the concentrations is greater than a certain value, other unnecessary reactions are generated in succession. And therefore, it is proved that the concentration should be controlled within the above-mentioned range. The actual capacity of paper capacitance is obtained through calculation by the formula of AC=I/[A(△V/△t)], and wherein, I is the current intensity exerted, △V/△t is the slope of constant current charge and discharge curve, A is the area of the graphite-daubed electrode. It can be seen through Figure 8 A that when the constant current is 25 μA, the calculated capacitance is 1.12 mF cm -2 , and this is similar to the numerical we got before. In addition, the paper capacitance we build at the same time shows good repeatability, as shown in Figure 8 B, when the current intensity exerted is 25 μA and it is conducted with charging and discharging for 100 times, the result is almost the same. Exert 25μA constant current on the prepared paper capacitance and determine the open circuit voltage of different periods of time, the result is shown in Figure 9 , and after 24 hours, the paper capacitance of the output voltage is 0.5 V. 
Working Voltage
Working voltage can also affect the sensitivity and accuracy of the specific sample detection, and it is a key problem that must be paid attention to in the process of experiment. Through the observation of the results, it is found that if there is no problem in the concentration of the electronic media, then with the increase of applied working voltage, the linear range of electrode response will also increase, and there is a direct ratio between them. But it is important to note that the increase in the working voltage can also reduce the response of the system and thus easier to affect the accuracy of the sample results in addition to expanding the linear range of electrode response. Aiming at these problems, the working voltage shall be controlled within a reasonable range.
The Characterization of Microbial Fuel Cell Cathode and Anode Electrochemical Performance
The traditional three electrode system is used to study the cathode and anode performance of prepared microbial fuel cell: make the prepared paper cathode and anode as working electrode respectively, silver/silver chloride as the reference electrode, and the platinum electrode as the counter electrode, measure the anode performance of prepared microbial fuel cell in PBS buffer solution containing 30 mM glucose and 10 mM glucose and 10Mm NAD + / NADH. After immune sandwich reaction on the anode, contains 100·ng mL -1 CEA, and the prepared anode exhibits good oxidation to glucose, as shown in Figure 10A . The prepared anode began to oxidize glucose at the point of -0.19 V, and this point is the same with the NADH oxidation peak point. As shown in Figure 10B anode polarization curve, at the point of -0.05 V, the current strength reaches 700 μA·cm -2 , and the current responses caused by the different concentration of glucose are different, and therefore in this experiment, we chose to use 30 mM glucose. The results show that our preparation of microbial fuel cell anode can be used in the oxidation of glucose and shows good performance. Figure 10C shows the cyclic voltammograms characterization of BOD-Au-PCE under the condition of oxygen and nitrogen, BOD modified on Au-PCE can catalyze oxygen reduction to generate water. As shown in Figure 10D , the polarization curve of BOD catalyzing oxygen reduction, BOD catalyzes oxygen reduction happens at 0.54V, and this is similar to thermodynamics flat potential (0.61V) of O2/H2O. Because of the good electron transfer performance between BOD and Au-PCE, the BOD-Au-PCE shows good performance of catalytic oxygen reduction, and it can be used as a biological fuel cell cathode.
The Influence of Buffer Solution Acidity on the Sensor Performance
Buffer solution acidity can affect the determination of CEA. First, the pH value of the buffer solution can affect the activity of protein and then will affect CEA and CEA capturing antibodies and the activity of CEA signal antibody which in turn affect the sensor assembly effect, and affect the determination of CEA. So the pH of buffer solution needs to be optimized. Here, the effect of PBS buffer solution with the pH ranges from 5.0 to 9.0 on the experiment is studied, and the results are shown in Figure 11b , and therefore the pH value of the buffer is selected at 7.4. 
Sensor Response Linear Range and Stability
It is found in the experiments that the sensor response linear range will change with the change of the time when the electrical current is on, and the corresponding average range is 1-15 mmol L -1 , and this will change according to the linear regression equation: I(μA)=0.037 + 0.099C ( mmol L -1 ). Through the observation of the stability of the sensor, the results obtained are shown in Table 6 . It can be found by observing Table 7 that the accuracy can reach 97% even better by using the above method to detect the glucose in human serum.
Experimental Results and Discussion
The results obtained through the biamperometry analysis method on paper-based glucose biosensor according to the injecting process are as follows:
Electrochemical Property of the Electronic Media
The electronic media adopted in the biamperometry analysis method on paper-based glucose biosensor according to the injecting process have a reversible electrochemical behavior; at the same time, its oxidation potential is relatively low (Wang, 2008) . This experiment mainly adopts the open electrochemical flow cell. Flow cell of this type has certain advantages in experimental application, mainly reflected in the aspect that it will not cause damage to the sensitive surface and it can effectively guarantee the stability of the liquid in the electrochemical flow cell. It can be seen that the electronic media adopted in this experiment have relatively good electrochemical properties (Zhong, Yuan and Chai, 2012) . The above results are concluded through the observation of the cyclic voltammograms figure of enzyme electrode in flow cell (Fig. 12) . 
The Optimization of Enzyme Stationary Solution Composition
The results obtained by doing the research on the influence of the bovine serum albumin and the content of glutaraldehyde in the stationary liquids on electrode response are shown in Table 8 : It can be found through the observation of Table 8 , the influence of the bovine serum albumin and the content of glutaraldehyde in the stationary liquids on electrode response basically optimized.
Linearity Range and Limit of Detection
In this experiment, first optimize the system's various reaction conditions with different concentrations of CEA standard materials, and then apply the designed self-energized immune sensor to determine the current strengths with different concentrations of CEA under the best conditions, draw the standard working curve and the result is shown in Figure 13A . It can see from Figure 13A , when the CEA concentration of the analyte changes within the range of 0.001-1000 ng·mL -1 , there is a good linear relationship between current intensity and the logarithm of the analyte's concentration. Through calculation and analysis, it is known that when the linear regression equation is I = 18.23 + 3.706 lg [CEA] (ng·mL -1 ), the linear correlation coefficient is 0.996. The detection limit is 0.85 pg·mL -1 . The results are much lower than the previous methods, and the results show that the constructed self-energized immune sensor has wide detection range and lower detection limit, and prove that immune detection has good sensitivity and specificity. Therefore, self-energized biosensor of this new type has broad prospects in other similar biological detection. 
Three Dimensional Porous Au-PAE and Pt-PCE Cyclic Voltammograms Characterization
As shown in Figure 14 , by conducting cyclic voltammograms (CV) scan on the blank paper electrode in [Fe(CN) 6 ] 3-/4-solution, the blank paper electrode exhibits good REDOX peak (as shown in curve a). By conducting cyclic voltammograms (CV) scan on Au-PAE in [Fe(CN) 6 ] 3-/4-solution and compared with the blank paper electrode the current strength of Au-PAE is higher (as shown in Figure 14 curve b) . The results show that the modification of a close layer of gold nanoparticles on the fiber surface through the long gold can greatly improve the conductivity of the paper electrode. When conducting cyclic voltammograms (CV) scan on Pt-PCE in [Fe(CN) 6 ] 3-/4-solution, and compared with the blank paper electrode, the conductivity of Pt-PCE has obvious enhancement but compared with Au-PAE, the conductivity of Pt-PCE is not as good as that of Au-PAE (as shown in Figure 14 curve c) . Figure 14 . The CV characterization of blank paper electrode (A), Au-PAE(B)and Pt-PCE(C).
Flow Velocity
Flow velocity will affect the response current, and their changes are in the opposite direction, namely as the flow velocity drops, the response current will increase; while with the increase of flow velocity, the response current will decrease. It is considered that the cause that leads to the above problem is incomplete reaction with the enzyme.
Glucose Response Linear Range
Glucose response linear range follows and changes with the corresponding regression equation: I(μA)=0.293 + 0.141 C (mmol L -1 ). It is found by the experiment that with the time extension of the sensor, its corresponding situation will be relatively less, but it has been maintained at the standard of more than 96%.
The Stability of Sensors
Through the observation of the stability of the sensor, its stability can be guaranteed, and as the extension of time, its response will be relatively lower, but the results have never been more than 4%. It is thus taken that the sensor has high application value, and it can be applied to the concrete practice and in the process of the sample detection.
Interference Experiment
By interference experiment, it is found that when the concentration of solution is kept at the standard of 5 mmol L -1 , basically no interference will occur.
Sample Determination
In order to verify the applicability and reliability of the self-energized immune sensor in determining the actual samples, that is the content of CEA in the actual samples is to be determined. In the actual detection, the solution volume used by self-energized microfluidic chips immune sensor built is far lower than the other methods the use of this work to build self-energized microfluidic chips immune sensor for measuring. A total of four groups of samples are analyzed for the content of CEA, and the results as shown in Table 9 . 
CONCLUSIONS:
In this work, we successfully introduces microfluidic chips into the microbial fuel cell to build selfenergized immune sensor, and the reduction of chlorine acid is used to grow gold electrode to improve the conductivity of the paper electrode; at the same time, by making use of the good biocompatibility of the gold nanoparticles, the electrode is further modified. The method uses carbon nanotubes-gold nanocomposites marking glucose dehydrogenase (GDH) for signal amplification, conducts immune hybrid reaction in the constructed biological fuel cell anode, and uses glucose as fuel, cathode fixing bilirubin oxidase (BOD) for oxygen reduction, and realizes the CEA quantitative detection in the analyte through testing the current strength. The construction of the self-energized biosensor by this method gets rid of the limitation of adscititious energy, realizes the field testing of sample anytime and anywhere, and offers a new way for the development of biosensors. To sum up, paper-based glucose electrochemical biosensor has the advantages of good stability, high sensitivity and high accuracy of detection results and its application to medical areas such as serum glucose detection process can achieve good detection effect with a relatively good response situation of more than 90%. And therefore it is concluded that paper-based glucose electrochemical biosensor can be applied to the process of the specific biological samples detection in order to further improve the detection efficiency and effectiveness.
